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(57) The invention relates to an antenna structure 
to be installed inside small-sized radio apparatus. A con- 
ventional PIFA-type structure is extended such that on 
top of the ground plane (21 0) there will be instead of one 
at least two radiating planes (220, 230) on top of each 
other. There is between them dielectric material (240) 
to reduce the size of the lower radiator and to improve 
the band characteristics. Likewise, there is dielectric 
material (250) on top of the uppermost radiating plane 



so as to bring one resonance frequency of the antenna 
relatively close to another resonance frequency in order 
to widen the band. Advantageously the radiating planes 
are in galvanic contact (203) with each other. The inven- 
tion accomplishes a greater increase in the antenna 
bandwidth as compared to that achieved by placing the 
only radiating plane at a distance from the ground plane 
equal to that of the upper radiating plane according to 
the invention. 
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Description 

[0001] The invention relates to an antenna structure 
to be installed inside small-sized radio apparatus. 
[0002] In portable radio apparatus it is very desirable 
that the antenna be located inside the covers of the ap- 
paratus, for a protruding antenna is impractical. In mod- 
ern mobile stations, for example, the internal antenna 
naturally has to be small in size. This requirement is fur- 
ther emphasized as mobile stations become smaller 
and smaller. Furthermore, in dual-band antennas the 
upper operating band at least should be relatively wide, 
especially if the apparatus in question is meant to func- 
tion in more than one system utilizing the 1.7- 2 GHz 
band. 

[0003] When aiming at a small-sized antenna the 
most common solution is to use a PIFA (planar inverted 
F antenna). The performance, such as bandwidth and 
efficiency, of such an antenna functioning in a given fre- 
quency band or bands depends on its size: The bigger 
the size, the better the characteristics, and vice versa. 
For example, decreasing the height of a PIFA, i.e. bring- 
ing the radiating plane and ground plane closer to each 
other, markedly decreases the bandwidth. Likewise, re- 
ducing the antenna in the directions of breadth and 
length by making the physical lengths of the elements 
smaller than their electrical lengths especially degrades 
the efficiency. 

[0004] Fig. 1 shows an example of a prior-art dual- 
band PIFA. Depicted in the figure is the frame 11 0 of the 
apparatus in question which is drawn horizontal and 
which functions as the ground plane of the antenna. 
Above the ground plane there is a planar radiating ele- 
ment 120 supported by insulating pieces, such as 105. 
Between the radiating element and ground plane there 
is a short-circuit piece 102. The radiating element 120 
is fed at a point F through a hole 1 03 in the ground plane. 
In the radiating element there is a slot 125 which starts 
from the edge of the element and extends to near the 
feed point F after having made two rectangular turns. 
The slot divides the radiating element, viewed from the 
feed point F, into two branches A1 and A2 which have 
different lengths. The longer branch A1 comprises in this 
example the main part of the edge regions of the radi- 
ating element, and its resonance frequency falls on the 
lower operating band of the antenna. The shorter branch 
A2 comprises the middle region of the radiating element, 
and its resonance frequency falls on the upper operating 
band of the antenna. The disadvantage of structures like 
the one described in Fig. 1 is that the tendency towards 
smaller antennas for compact mobile stations will in ac- 
cordance with the foregoing degrade the electrical char- 
acteristics of an antenna too much. 
[0005] The object of the invention is to reduce the 
aforementioned disadvantages associated with the pri- 
or art. The structure according to the invention is char- 
acterized by what is expressed in the independent claim 
1 . Preferred embodiments of the invention are present- 



ed in the other claims. 

[0006] The basic idea of the invention is as follows: A 
conventional Pi FA type structure is extended in such a 
manner that instead of one there will be at least two ra- 
5 diating planes on top of each other above the ground 
plane. Between them there is dielectric material in order 
to reduce the size of the lower radiator and to improve 
band characteristics. Likewise, there is dielectric mate- 
rial on top of the uppermost radiating plane. This top 
layer is used to bring one resonance frequency of the 
antenna relatively close to another resonance frequen- 
cy in order to widen the band. The upper radiating plane 
is galvanically connected to the lower radiating plane. 
[0007] An advantage of the invention is that it 
achieves a greater increase in the antenna bandwidth 
than what would be achieved by placing the only radi- 
ating plane at a distance from the ground plane equal 
to that of the upper radiating plane according to the in- 
vention. This is due to the use of multiple resonance fre- 
quencies close to each other. Other advantages of the 
invention include relatively good manufacturability and 
low manufacturing costs. 

[0008] The invention will now be described in detail. 
Reference will be made to the accompanying drawings 
in which 

Fig. 1 shows an example of a prior-art PIFA, 
Fig. 2 shows an example of the antenna structure 

according to the invention, 
Fig. 3 shows an example of the characteristics of the 

antenna according to the invention, 
Fig. 4 shows a second embodiment of the invention, 
Fig. 5 shows a third embodiment of the invention, 
Fig. 6 shows a fourth embodiment of the invention, 
and 

Fig. 7 shows an example of a mobile station 
equipped with an antenna according to the in- 
vention. 

[0009] Fig. 1 was already discussed in connection 
with the description of the prior art. 
[0010] Fig. 2 shows an example of the antenna struc- 
ture according to the invention. An antenna 200 com- 
prises a ground plane 21 0, on top of that a first radiating 
element 220 and further on top of that a second radiating 
element 230. The words "on top" and "uppermost" refer 
in this description and in the claims to the relative posi- 
tions of the component parts of the antenna when they 
are horizontal and the ground plane is the lowest. Be- 
tween the ground plane and first radiating element there 
is mainly air and a little supporting material having a low 
dielectric constant. Between the first and second radi- 
ating element there is a first dielectric board 240 having 
a relatively high dielectric constant. On top of the second 
radiating element there is a second dielectric board 250. 
The inner conductor 201 of the antenna feed line is con- 
nected at a point F to the first radiating plane 220 
through a hole 211 in the ground plane. In accordance 
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with the PIFA structure, the first radiating plane is con- 
nected to ground by means of a first short-circuit con- 
ductor 202. Furthermore, the first and second radiating 
planes are galvanically connected. In the example of 
Fig. 2, this connection is realized by means of a second 
short-circuit conductor 203 in the area between the feed 
point F and short-circuit conductor 202. The second ra- 
diating plane 230 is fed partly galvanically through short- 
circuit conductor 203 and partly electromagnetically 
from the first plane 220. 

[0011] In the exemplary structure depicted in Fig. 2 
the both radiating planes comprise two branches: The 
first radiating plane 220 has a slot 225 which divides it 
into two branches having different resonance frequen- 
cies. Let these resonance frequencies be r, and f 2 , of 
which f 2 is higher. The second radiating plane 230 has 
a slot 235 which divides it into two branches A3 and A4 
having different resonance frequencies. Let these res- 
onance frequencies of the upper radiating plane be f 3 
and f 4 , of which f 4 is higher. The dielectric board 250 is 
located on top of branch A4. That and the size of branch 
A4 are utilized to bring resonance frequency f 4 to so 
near resonance frequency f 2 that the operating bands 
corresponding to the frequencies f 2 and f 4 form a con- 
tinuous, wider operating band. Moreover, the dielectric 
board 250 improves the reliability of oscillation of branch 
A4. 

[0012] Fig. 3 shows a curve 31 depicting a reflection 
coefficient S 11 as a function of frequency f for an an- 
tenna built according to the invention. The exemplary 
antenna is adapted so as to have four resonance fre- 
quencies as above in the structure of Fig. 2. The first 
resonance ^ appears at f 1 = 0.8 GHz, the second res- 
onance r 2 at f 2 = 1 .66 GHz, the third resonance r 3 at f 3 
= 0.94 GHz, and the fourth resonance r 4 appears at f 4 
= 1 .87 GHz. The reflection coefficient peaks are, respec- 
tively, 14 dB, 21 dB, Th dB and 12 dB. The operating 
frequency bands corresponding to resonances r, and r 3 
are separate. The coupling between antenna elements 
corresponding to resonances r 2 and r 4 results in a fifth 
resonance r 5 the frequency of which falls between f 2 and 
f 4 . Together the frequency bands corresponding to res- 
onances r 2 , r 4 and r 5 constitute a wide operating fre- 
quency band. This frequency band will be about 1 .6 to 
1 .9 GHz if a reflection coefficient of 5 dB is used as the 
band limit criterion. The bandwidth B is thus about 300 
MHz, which is 17% in relation to the center frequency of 
the band. This is clearly more than the bandwidth 
achieved by a prior-art antenna of the same size. 
[0013] Fig. 4a is an overhead view of an embodiment 
of the invention nearly similar to that of Fig. 2. There is 
shown a first radiating element 420, second radiating 
element 430, first dielectric board 440 and a second di- 
electric board 450. A slot 425 divides the first and slot 
435 the second radiating element into two branches. 
The second radiating element is in this example nearly 
as large as the first. They are connected at the edge of 
the structure by a second short-circuit conductor 403. 



4 

The first dielectric board has a dielectric constant e«, and 
the second dielectric board has a dielectric constant 
The difference from Fig. 2 is that the second dielectric 
board is now located on top of the longer branch A3 of 
5 the second radiating element. 

[0014] Fig. 4b shows the structure of Fig. 4a viewed 
from its left side. There is shown in addition to the afore- 
mentioned parts a ground plane 410, inner conductor 
401 of the antenna feed line, and a first short-circuit con- 
10 ductor 402 between the ground plane and first radiating 
element. A short-circuit conductor 403 between the first 
and second radiating element advantageously starts 
from the area between the inner conductor 401 and first 
short-circuit conductor. Additionally, Fig. 4b shows that 
is the insulator between the ground plane and first radiat- 
ing element is air. 

[001 5] Fig. 5a is an overhead view of an embodiment 
of the invention with three radiating elements on top of 
each other. At the bottom there is a first radiating ele- 
ment 520 which has two branches. In the middle there 
is a second radiating element 530 which is continuous 
and smaller than the first radiating element. At the top 
there is a third radiating element 560 which has two 
branches and is even smaller than the second radiating 
element. Between the first and second radiating ele- 
ment there is a first dielectric board 540, and between 
the second and third radiating element there is a second 
dielectric board 550. On top of the shorter branch of the 
third radiating element there is a third dielectric board 
570. At the edge of the structure there is a second short- 
circuit conductor 503 between the first and second ra- 
diating element, and a third short-circuit conductor 504 
between the second and third radiating element. 
[0016] Fig. 5b shows the structure of Fig. 5a viewed 
from its left side. There is shown in addition to the afore- 
mentioned parts a ground plane 510, inner conductor 
501 of the antenna feed line, and a first short-circuit con- 
ductor 502 between the ground plane and first radiating 
element. The structure according to Figs. 5a, 5b can be 
used to realize e.g. a three-band antenna, in which one 
of the bands is especially widened, or a dual-band an- 
tenna, in which one or both of the bands are especially 
widened. 

[0017] Fig. 6a is an overhead view of an embodiment 
of the invention with two radiating elements on top of 
each other. It differs from the structure of Fig. 4 in that 
the second radiating element 630 is continuous and is 
not in galvanic contact with the first radiating element 
620. So, in this example the second radiating element 
is parasitic. Fig. 6b shows the structure of Fig. 6a viewed 
from its left side. There is shown in addition to the afore- 
mentioned parts a ground plane 610, inner conductor 
601 of the antenna feed line, and a first short-circuit con- 
ductor 602 between the ground plane and first radiating 
element. 

[0018] Fig. 7 shows a mobile station 700. It includes 
an antenna 200 according to the invention, located in 
this example entirely within the covers of the mobile sta- 
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tion. 

[0019] Above it was described an antenna structure 
according to the invention and some of its variations. 
The invention is not limited to them as regards the de- 
sign and number of radiating elements and the place- 
ment of dielectric material. Furthermore, the invention 
does not limit other structural solutions of the planar an- 
tenna nor its manufacturing method. The inventions 
idea may be applied in various ways within the scope 
defined by the independent claim 1 . 



element, whereby the space between the first radi- 
ating element and said ground plane comprises 
substantially air, and there is between the second 
radiating element and first radiating element mate- 
rial the dielectric constant of which is at least ten, 
and there is on top of the uppermost radiating ele- 
ment a layer of dielectric material. 
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Claims 

1 . An antenna structure comprising a first planar radi- *s 
ating element (220) and a ground plane, character- 
ized in that it further comprises on top of the first 
radiating element at least a second radiating ele- 
ment (230) whereby 

20 

the space between the first radiating element 
and said ground plane comprises substantially 
air, 

between the second radiating element and first 
radiating element there is material (240) the di- 25 
electric constant of which is at least ten, and 
on top of the uppermost radiating element there 
is a layer of dielectric material (250). 

2. The structure of claim 1 , characterized in that be- 30 
tween said first and second radiating element there 

is a second short-circuit conductor (203) to provide 
galvanic coupling. 

3. The structure of claim 2, wherein the feed conductor 35 
(201) of said antenna structure is in galvanic contact 
with the first radiating element and there is between 

the latter and said ground plane a first short-circuit 
conductor (202), characterized in that in the first 
radiating element the connection point of said sec- *o 
ond short-circuit conductor (203) is located in the 
area between the connection point (F) of said feed 
conductor and the connection point of said first 
short-circuit conductor (202). 

45 

4. The structure of claim 1 , characterized in that at 
least one of said radiating elements comprises two 
branches (A3, A4) which have substantially differ- 
ent resonance frequencies. 

50 

5. The structure of claim 1 , characterized in that at 
least one (630) of said radiating elements is para- 
sitic. 

6. A radio apparatus (700) comprising an antenna 55 
(200) having a first radiating element and a ground 
plane, characterized in that on top of the first radi- 
ating element there is at least a second radiating 
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